Abstract: We characterize lichen flora of Slovakia based on the review of recent studies published since 1998, point at selected lichen taxa described for science from this territory and outline main geographical elements and other important groups. We annex critically revised and updated checklist of lichens of Slovakia, which includes 1,628 species. As a result of intensive field work the number of species increased by 142 new species since the last version of checklist published 15 years ago, 26 species were excluded.
Introduction
Lichens are among the most intriguing symbioses, having evolved morphological and physiological features not known in their individual components. They form important and sometimes dominant components of terrestrial ecosystems (Lücking et al. 2009 ). They are symbiotic association between fungus and photosynthetic partner, both phylogenetically distinct and with different physiological constraints, plus they associate multiple bacteria partners ). Central geographical position of Slovakia in Europe is particular, which is reflected in structure of biota, including lichens. The territory is a meeting point of different influences (e.g., Mediterranean, Pannonian, Atlantic, Continental) and it is a crossroad of migration routes -another prerequisite of high biodiversity. Landscape diversity is high too, due to geology and relief. Most of the area is covered by the Western Carpathians -where the Carpathians reach their greatest elevations, partly also by the Eastern Carpathians and in the south by Pannonian Basin.
Lichens have been explored in the territory of Slovakia since the time of S. Lumnitzer (1791). Several important researchers/lichenologists were born here, e.g., F. Hazslinszky, V. Greschik, A. Zahlbruckner orÖ. Szatala, or collected material here, e.g., J. A. Scopoli, G. Wahlenberg, G. W. Körber, F. Veselsky, K. Kalchbrenner, H. Lojka, V. Gyelnik, G. Timkó, F. Fóriss, A. H. Magnusson, J. Suza, J. Nádvorník, E. J. Nyarady, Z. Černohorský, J. Poelt, A. Vězda (Grummann 1974; Pišút et al. 1993; Pišút 2002a, b) . The first attempt to summarize the knowledge on diversity of lichens in *Electronic supplementary data are available in the online version of the article Slovakia was published in 1993 (Pišút et al. 1993) . It also included bibliography containing 681 papers published from 1791 to 1993. Three years later this list and bibliography was revisited (Pišút et al. 1996) . The latest census of lichens in Slovakia was published in 1998 (Pišút et al. 1998) . Later, as a result of cooperation of lichenologists from the Carpathian countries separate lists of lichens from the Western and Eastern Carpathians were prepared (Bielczyk et al. 2004; Kondratyuk et al. 2003) . Since then the lichen flora of the country was intensively investigated, which brought many new records. A partial summary of them prepared Lackovičová (2003) . Also much knowledge was gathered on lichen taxonomy and nomenclature with the advent of molecular era in the world. Consequently several checklists and floras were published recently (e.g., Bilovitz & Mayrhofer 2011; Harutyunyan et al. 2011; Jørgensen et al. 2007 , Knežević & Mayrhofer 2009 Nimis & Martellos 2008; Smith et al. 2009; Liška & Palice 2010; Urbanavichus 2010; Thell & Moberg 2011; Wirth et al. 2011; Roux 2012) . It was of utmost importance to elaborate contemporary account of lichens in Slovakia, after elapsed 15 years.
The aim of this paper is to present critically revised and updated checklist of lichens and characterize lichen flora of Slovakia.
Material and methods
The checklist is presented in Appendix (electronic supplementary data). Each species entry comprises accepted name, where relevant also selected varieties, basionym (bas.) and, mainly when the species was recently transferred into different genus, selected synonyms (syn.). We also included older synonyms (e.g., Gyelnik 1932) which were published from the territory of Slovakia, but were not included in the checklist of 1998. This is followed by the reference where 846 A. Guttová et al. * the taxa already given in Pišút et al. 1993 are not included here the species was listed, starting from the checklist of 1998 (Pišút et al. 1998 ) onwards. A selected key references are added to first records (e.g., Gyalideopsis helvetica), new localities of rare species (e.g., Coenogonium luteum), historical records on which the description of a taxon was based (e.g., Biatorella flavella). We applied latest generic concepts for, e.g., Bryoria, Usnea ( we accepted corrected nomenclature for Cladonia metacorallifera (Timdal & Tønsberg 2012) , as well as recognition of two species within Bacidia arnoldiana (Brand et al. 2009 ). We keep the species Alectoria nigricans (Ach.) Nyl. in the genus Alectoria (Lumbsch & Huhndorf 2010) . We have not included in the list e.g., Cladonia diversa Asperges (nom. inval.), since only general reference without concrete data was published (Sipman & Ahti 2011) . We have not applied yet the outputs of big and complex, first comprehensive study of the family Teloschistaceae (Arup et al. 2013) , which appeared at the beginning of 2013. This novel taxonomy brings many differences in classification of the family, especially regarding genera, where 39 of them are recognized, of which 31 are newly described or resurrected.
Results and discussion
Currently we count 1,628 published lichen species in Slovakia (see electronic supplementary data as Appendix). During last fifteen years we added 142 new species to the lichen flora of the country (Table 1). Besides new records, we included in the list e.g., the species Lecidea symmictella Nyl., reported already by Szatala (1932) but erroneously synonymized with Lecanora symmicta (Ach.) Ach.; or Lecanora phaeostigma (Körb.) Almb., published by Szatala (1932) but erroneously not included in the last checklist (Pišút et al. 1998 Based on the material collected in the territory of Slovakia several taxa were described as new for science, some of them still remaining as a challenge for nomenclatoric studies. A selection of them is listed in Table 2 . W. Nylander worked with material of H. Lojka, V. Gyelnik was focused on the taxa within the genera Alectoria, Bryoria, Peltigera, Peltula, or Usnea; M. Servít on the Polyblastia or Verrucaria species.
Most lichens growing in Slovakia are widely distributed, e.g., cosmopolitan species. There are groups of species with zonal distribution -e.g., arctic-alpine or boreal temperate elements, or groups spreading during postglacial colonization -e.g., temperate meridional, sub-mediterranean species. The lichen diversity reflects also human activities, causing changes in environmental conditions, e.g., air pollution, causing decline of certain groups (Liška 2012) , mostly epiphytes or spread of e.g. nitrophilous species. Certain lichens are known for their generally rare occurrence, also worldwide, e.g., Biatorella germanica, Collema conglomeratum, Leucocarpia biatorella, Thelopsis lojkana, Toninia pennina, due to particular, idiosyncratic requirements regarding microclimate, ecological niches and substrates. Old-growth forests are iconic biotopes of the Carpathians. Considerable part of this range is situated in Slovakia. Carpathian forests present one of the largest forest complexes of Europe and their importance reaches further beyond their borders. They are unique ecosystems with exceptionally high biological diversity and also shelter several epiphytic lichen species, which are rare or critically endangered in Slovakia, e.g., Alectoria sarmentosa, Belonia herculina, Hypogymnia vittata, Lobaria pulmonaria, or Menegazzia terebrata. Focusing on geographical elements (cf. Suza 1934 Suza , 1943 Pišút 1987; Dingová Košuthová & Šibík 2013) , we can recognize several groups. The Western Carpathians as a high mountain system, offer suitable conditions to host arctic-alpine species (e.g., Arctoparmelia centrifuga, Bellemerea alpina, Cetrariella delisei, a glacial relict Nephroma arcticum, N. expallidum, Ramalina carpathica, Umbilicaria aprina, U. cinereorufescens), and boreal-central European mon- , Záhorská nížina lowland), we explored the areas influenced or created by human activities. This includes urban environments with or without different industrial activities (e.g., Bratislava, Spišská Nová Ves, Krompachy, Piešťany, Jelšava) and rural countryside (e.g., Liptov, Kysuce, Záhorie). A radical change in the quality and quantity of emissions, after political and socio-economic changes in 1989, brought about a significant decrease in air pollution. These enabled epiphytic lichens to replace lichen deserts and recolonize the trees, following the trend that the communities are dominated by nitrophilous species (cf. Pišút & Pišút 2006; Banásová et al. 2010; Lackovičová et al. 2012; Guttová et al. 2013) .
Field surveys aimed at gathering data on the current occurrence and distribution of lichens and their diversity, and at discovering the occurrence of rare and new species are key resources for further scientific research. They provide inspiration for identification of gaps in the scope of our knowledge of all aspects of lichenology, through systematics, diversity, biogeography, evolution, physiology and structure, ecology or bioindication.
